For decades silicon has been the chief technological semiconducting material of modern microelectronics and has had a strong influence on almost all aspects of society. Applications of Sibased optoelectronic devices are limited to the visible and near infrared ranges. For photons with energy less than 1.12 eV silicon is almost transparent. The expansion of the Si absorption band to shorter wavelengths of the infrared range is of considerable interest to optoelectronic applications.
physics and chemistry is also of fundamental importance to the development of Si optoelectronics of the IR range.
The detection of low power radiation of the IR range presents great challenges to Sibased optoelectronics. The development of effective room-temperature photoconductors for the IR compatible with the current silicon technology is in great demand. In particular, megapixel digital imaging based on complementary-metal-oxide-semiconductor (CMOS) technology in the IR range has a high potential for crucial technological applications such as night vision systems, spectroscopy, medical diagnosis, environmental monitoring, on-chip optical data processing and astronomy. [1] [2] [3] [4] [5] [6] At room temperature Si has an indirect band gap ΔE of 1.12 eV, for this reason Si is transparent for IR radiation from a wavelength of 1.1 μm. This significantly limits the range of applications of current Si photoconductive devices. Various methods have been proposed to extend the photo-response of Si towards longer wavelengths of the IR range. One of them uses "heavy" doping of Si with chalcogen atoms Se and transition metals (Au, Ag, Ti, etc.). [7] [8] [9] [10] [11] Such hyperdoped materials offer an absorption coefficient increased by a factor of 2.5 in the IR range. Another approach is to integrate non-silicon electro-optical materials, such as direct-band gap III-V compound semiconductors (GaAs, InAs) with excellent IR photo-responce. However, this way is strongly limited by the lattice mismatch between Si and these materials. [12] 2D materials do not suffer from this limitation and can be transferred to any substrate and used for IR and THz detection. [13] [14] [15] [16] CVD-grown graphene monolayer coated with PbS QDs was monolithically integrated with silicon-integrated circuits based on CMOS for digital imaging in the IR range. [17] In this paper, we report on the significant room-temperature photo-response of a Si photo-detector in the near-IR (NIR) and short-wave IR (SWIR) The synsebilization is possible by doping the Si surface by individual semiconducting Ag 2 S QDs. This results in the formation of impurity states in the band gap of Si, which leads to the significant enhancement of the sub-band gap photo-response. Additionally, it enables room-temperature operation of our detector, since Ag 2 S QDs introduce relatively high acceptor levels in the Si band gap, which mitigate thermal carrier generation.
Semiconducting QDs are nanocrystals with a size of the order of the Bohr radius of the Wannier-Mott exciton in the corresponding material. [18] Using QDs of different composition allows adjusting the spectral range of the detector depending on the absorption region of the QD. [19] [20] [21] [22] Interest in using QDs is also due to the ease of the adjustment of the optical properties of the QD by changing its size. [23] [24] [25] Ag 2 S has a relatively narrow band gap of 1.0 eV in bulk and a high concentration of trap states, the presence of which is associated with QD nonstoichiometry. [26] [27] [28] [29] The aqueous solutions of AgNO 3 and Na 2 S were used as the initial reagents aqueous synthesis of colloidal Ag 2 S QDs was carried out under conditions similar to described in Ref. 30 and Ref. 31 . In order to remove the reaction by-products the acetone was used in aqueous colloidal Ag2S QDs solution followed by centrifuging the solution. Thioglycolic acid molecules were used as stabilizers.
Initial Si structures were fabricated using standard methods of laser lithography, thermal metal deposition and a lift-off process based on undoped high-resistance Si (ρ> 3 KΩ*cm). Using laser lithography, the width of the Ti/Au contacts W and the distance between them L were defined, thereby determining the geometric dimensions of the original Si structure, W and L were equal to 10 μm. The contacts to the Si structure were formed by sequential thermal deposition of Ti and Au. The sketch of the energy diagram presented in Figure 3b describes the behavior of the IV curve of the Si_Ag 2 S device in the case of positive and negative bias. When a positive potential is applied to the Ti/Au contact the IV curve displays a pronounced exponential character, as predicted by the thermionic emission model. The deviation from a truly exponential shape is caused by the variance of the Schottky contact area, which decreases in response to the increase of the forward bias voltage. Indeed, the contact area is proportional to the transfer length l t = (ρ c (V j )/R sq ) 0.5 defined by the voltage-dependent contact resistivity of the Schottky contact (ρ c ) and the sheet resistance of the Si wafer (R sq ). Given that the Si_Ag 2 S device is essentially presented by two face-to-face connected Schottky diodes, an increase of the built-in potential (φ bi ) at the Si/Ti interface, at one end of the junction with a decrease of the φ bi at the other end is induced, when a negative potential is applied to it. In the case of small bias voltages, the IV curve is almost linear when a negative potential is applied to the Si/Ti interface. This behavior of the IV curve suggests the hole conductivity of the created Si_Ag 2 S devices. Thus the presence of a high response of the Si_Ag 2 S device above 1.25 μm is explained by formation of impurity states in the band-gap of Si due to Ag 2 S QDs surface states. When an IR photon is absorbed by an electron in the Si valence band, the generated carrier transits at impurity state Ag 2 S in band-gap of the Si, this process owing to high carrier mobility in Si affects the built-in potential φ bi near the Ti/Au contacts. [33] The existence of the built-in potential φ bi near the Ti/Au contacts explains the zero bias mode of the devices.
Because of their non-stoichiometry, the Ag 2 S QDs have a high concentration of trap states.
These trap states along with surface states in Si also could contribute to the Si_Ag 2 S detection above 1.1 μm. Since quantum dots do not come into contact with each other, the charge carriers from the Ag 2 S trap states generated by the photoelectric effect and entering the Si increase its conductivity. The time constant of the Si_Ag 2 S detector will be determined by the characteristic lifetimes of the free charge carriers in the silicon/metal regions.
The noise equivalent power (NEP) of the Si and Si_Ag 2 S devices was measured at 1.55 μm in order of device quantity evaluation.
A thermally stabilized laser diode at 1.55μm was used as a source. During measurements of the voltage responsivity, the laser diode power P was chosen so that the signal to noise ratio V s /V n did not exceed 1. 
Experimental Section
The aqueous synthesis of colloidal Ag 2 S QDs was based on the initial reagents of AgNO 3 and Na 2 S.
In the first case, 0.262 g AgNO 3 
